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Field a£ the. Tao-eaeieo 

This? invention relates- to ;;b 5 deferral oat ion of gh^o of a 

be poodaced S s iwwmfcioo is &b s eea as to 
aoaaavJ ;or Semisitting t&a phase of a radiation, tor/efield 
diaeloreo in international Parent ^pliaaaion do, 
FCT/AU»9/ 00949.* The ««mfc«afc* Of t&is Xrt«rnafcicwaJ. 

10 application ars incorporated into ah la spca- .1 float:.:!, on by 
this rafsrsaci®. As ia. t&A abwe Xnfcero.atieo.al 
application, aha term radiation w^fi^M is interned to 
include all forms at raaiafciofc. t&afc propagate in a aerve- 
like annrer. Including hut not limited to n»rays t visible 

15 light and electros, 

analog 

bis loao in tte abov* Xsxtarssationnl 
application eonblaa pb&s® data - lating t * the red v. - 

20 •aeaa I i: bo 
constructed, the deterpiaafcioxk t tie e < flacia 

to the r«di.*cio» waae-lield a loo eoablee other i»g« 
- L\ \ , hj an axeh an rub terai 

Contrast togas a»& ,tsarkfi«M images v Fhaaa images? are an 
hxrootaot , co - scopi«fc* Tbe«aw*a» they enable detail 
of >a»: o---a^ to b« Mcertais^a Alcl are not wmila&l* 
in convent loaal contrast haages, 1» particular, fine edge 

a o- a ^ osa .structures ssucb aa calls? and othar 

biological aamalee may be more visible abaca ghaae leagaa 

30 aro taken rather than ox contrast ima^pssa 

Furthermore.* the phaee data, a a described in hnatralier, 
Provisional application Ho. PbS3:b3 ? alsso enables the other 
modalifiea referred to above to he determined in aaftware 
rather t s bj s 3 o co « 

35 

•aha cusehod for daterahniag the phaao of a radiatioa 
mwefield according to the aboee International application 



rwguiress the so-called tr&nssport of intensity eprtim to 
be solved. Tola is aadvleond bp producing raan:aeantatioe 
& aeo o « s 

aadiat on v. ^ a < 

generally acroaa the -eaveS: iel.d f producing a anpraaeatatiaaj 
anaaore of int^xmlty of the adiati a aaaad:ield over Ode 
aeieotad surface, tx®mtor®±ng C kssuk s ^« of 
ananga to produce a fl««t Msgtai txoxiMMom 
no i p s v 

filter co^r®fSfr%*&lm to ts&e- i»T©#«£o& of & £ir*U 

s &t x h m » rs &i thm i 
transform ia tnen applied to feds first modified iatagral 
transform r®»r»a«atatslo» aacl a *for#«cfc£oa. on ah® 

ownw>*o salty o\<-<&r t^s» s®l*>. ' ^. to the 

oiaaoion is then &ppXiead The correct 
* sxea r«»»«««afcatiotx is thes transformed lo 

asaaaaaa a aacoad integral txtuttat orn repreeentatioa and a 



25 & form of toe first &®& »*cond differential operators 
«c< ::oiap to too teaeiOasr* ot tfc*. a&ov* Xat««*Mfctio»«l 
application doss the foa 
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« real apaoa aad laoerporatea a t«ra with the Sam 

k 



in its Fourier 
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the ::d-ovo :Lan, k is tba spat ial L o-ao: -ncy i«r:i a Is? 

an arbitrary co&stanfc \ ia „ «c that wheat k 

, s v ^ ^utoi doas$ nat vUv-r-,^ J aoau<a; at tba 
illusion of tha factor g\ The isivarssioa ot 3 first 
S 1it\ h as s * < speadax 

if the factor a is not included, b^d to highlight or 
aaaggerate loo fragaencies: relators to high freqnersies 
tb«r«by MtitoSxm th» fra^Mles wfeich will canoe a 

s s o* L» s.rosu H o ah 
10 n s - ,s v \ e\a vha «*y ■> *® ot \ 

Siaca fine edge detail £& &ra&®paraufc ashless is likely to 
be high trequenoy »at«*?», tOi® saiai^isauian of: r.ho high 
fneqnanciea t:h*r«£or* JNwulfc* t» a 1 in£<* ia 

traduced so s th* p asa data &nd herefox 
15 t r^t-its ^ fcba caviled Ij»o« 



^ \o n v ^ >f fc&© Low 

t „ o la? x vs to the big gan * aot< - a 

in tbo above equation decreases the t«1«b of aba abene 
20 operator when £re<rsaaoY is ssssall so that tba lew frequency 
xigssho do XM»fc tSWW® «' OW"^ : ^ * 

to the high fr^queucY «ifif»aX»- wMcb *r« likely to ccsafcaia 
moat of the inf notation of interest. 

Oho objection of tba present invention ia to provide 
further ^ ^ts to tbo method and, in particular,- to 

tba fora of tbo differential operator aeaa in aba eethod . 
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intensity of said radiation, Kave fx old over said selected 



as famine s«id Kastix* ox xa;; o change 
of inteasity to praxhxea a first integral traasf om 
S said i - Integra 

tascasforn ropras eat a ties, a first filter corrsspaxxdixxa to 
the inversion of a first differential operator reflected 
in ssid neasnra of rate of ehaagx ** ixrxar^ity to produce 
a first nodifisd integral transform representation* 
10 (&} applying an inverse of said first integral 

xx o ^ * to said, first s*oaif i«& -ifctsarfcl i.xsnxrforn 

ado ; * an •untransl erne t xx ? 

(a) npplF^g a cvxxwst&cm. based 'ax - :«oa 
of intensity over said selaeted surf:&«« to said 
IS xas xxa r« s t&ti&M 

it} - xoxxxs forcing tte correct Oss 
representation to prodxxce a. sosoxst integral transform 

^ a- ion and applying to said &®dond h* -po- 1 

xoxx a second ill ox < to 

2 0 x m of a m<xm& di££*r<mt « 

s - a orrncnad imtxauadi^3ta»^ representation -co produce & 
second n\oni : i»d infcagra \ fcraaaf oxm repr esentat ion t 

i-y> applying «»' iatfwsrat* of said »econ'3 integral 
« * ^ \i s«coad £«4 iafc^gr&X traasioxa 

aS representation to produce a asasmre of pbase of said 

N vO L4 «1 Cft* 

Ch) x^berein at least one of fc&a first or second 
a :1th: a rent is 1 operator has a toxm based on an optical 
systnn used to acquire th» radiation go* prodxxcxxxa the 

3 0 ^ ^ a x>o of 5 *« o tensity 

of the radiation xoscefieid over the selected surface 
;<:t x x— - xx the vaavsrxiela 

tecaxxse shs fa.ua of the dif f axraati-si operator is based on 
35 the actxrai optical ^yacesp the fern of the t 

operator is isxprovad and therefore provides feetta 
hseansa the operator is based or the opt i sal systesa 



« § ~ 



PCmmmmH 



It o , , t - k rsferssc? 

^v\xT in this; specif icatioo - \ , * conrrsxt ioxaxl glaas; 
or plartia <o;d 1 i •: •:. iragiog elss^ts, as vail ass 

TO^sx^tic blabts or electric fields; which are osad to 
S condition xx In the; form of elaetrooss is, for 

example., elaehroxx microscopes* 

Preferably bo-xh the Sirsfc aod ®&comS dix; t r.ti i) 
operators bovo a form based on. fcba optical system, 

.0 

P'OtVj btv tha first and sacomi br-gir&l transform; are 
N , , ransfors 

Xa one mtbdMxfimt of &m ix>w*a»tton the dll? * srtia.5 
f -g^j\r - -vo tn<& feoas- 



sod re:b - : ra 11 a I lata J s b 

loxxgitudioal spatial bxaspxesoy aed b: la tha ahsfoeua 
diatanca in x.ha xbaoe of baa objsa^ Also 



■■ tbb.or 
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whore NA^..,. aad ^o fe;; „ ors rospoetiaely the axaasrioal 
*p 5 s cd or and t st b « u a 

aott:mgs asd diineasiaas or; the microscope) •. in the 

,u\ «3 rogues ,aa a c c ep fc e 5 1 J § >e obj ec c 

S 

Th® iwsntion .ray alee bs said to raai.de ;lr a cacpatea 
program for qusxxtit&tiw a»t«rai»**j a of zl aase of a 
K&Oi'a£ion wmftMO* iaclu&tafr eofe to perform the method 
saegs hose?: ibed above . 

10 

lb i - or, i&y slso is ssM x ^ 5 aopa 
go* phm split «** N f an obj 

a sftdiateioto ield source to irr«diat« the 

object? 

IB. - o *\> focuat- r&vl, w o 

objaet 00 sax .a across ei,v 

vaT-LLald propagating feom tbm oSfej«etjr 

o ^ - as a a 

radiation isaeasisy over aha iaagiag acrfaee; ash 

20 proce; x * as fc<*« 

(i) produce a x^restsaatafcivft mmuts of 

s « o* change 
w t on U\« propagation 

25 * v* jwa«a*a* of radiation tears! ty over 

i ^ . Sao^s at said £i»t. low aod said ssaoxal 
f pease 3 

(ii) arasaform SaM m^WUT® of rate of 
of ineeasiay to produce & first Integra!! transform 
ssprssscast ion} 

{ill} sppiy to said first 
repaesaataaioa a first li.it.ar corresposdiag to too 

a- -a of a first differential operator refloated in 
said measure of rata of cMsige of iafaasity to produce a 
35 firs sodi si a g &I res < asatatios 

<iv) apply an inverse of said first iafcegrai 
araoaioro to said first modified integral t.rar.sfora 



wo - s - 



represent atdon to predate an onataoof ornea representation? 

(v| apply a correction daeed or said nsasora 

of intensity over ssaid selected mrfac® to said 
sat r a msf arras - re pre s ea t at ion ■? 
5 (T'i) tnarasiern th® correatea uatraeeieroad 

representation to produce & so ox a integral trawfoa 
representation? 

(rii) apply to ssaid ttwSHsad Integra fcransJoa 
voprecsntaaioa a esccad £ilt« corresponding to too 
10 inversion of a aaec«n& differential operator re ;;iec«d in 
fcne corrected untranssorned ropreaoototioo to produce a 

Colli} apply i«wwr»« of «ai& second iotegrai 
transform to said aeeo&d a^dified integral teansfcee; 
15 - - itm to pxo&ic* \ asaww* of plmste of said 

radiacios wave f ield apro** **l««fced plane.? and 

{Ik} wta?ei& &t l«a*t one of tte first or 
second differential operators fcfc* & f orm feasod on the 
n nx am to focus* i$* adiateio* \ - s sj*< fco 
20 N earfac®. 

preferably tae differential operator, in Fourier apace, ia 

'ohere.v 

30 and 
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Preferably both the first aad seeord differential 
operators ImTs tto abo-ro form. 

:alaa;l™i ±lih:±H™ . . . 1: a : i 5ataaib.a 

5 v preferred n - of tbs barest ion will be a — \ e 
ay way of aaaaegle, with reference to the o o \ 
&xmtinm i.n «b£cOu 

Figure 1A 1* a *c&rfrati& illustration of ass 
ar> rant for detarmimtion of phase vhorc v\ object its 
10 - v\x a n,; v radiation? 

Fig IB is ifi 
:v ■ at. illumine to 

radiation? 

Vig&£* 2 i» a tixm «&axfc showiag an 
15 - - \on ©$ tba method ot phase * l v - 

Lab, an aoaaadia$e:at of this invention; 



, ano 

25 prefer red eaarKtLaarar 

) *\J tb) sbflv a Mhftaatx. arraaga^am - i 
h s v s on 

,v ^ latins ?. on 2 

30 or point aoarce radiation 1 to produce tra.asss.it tad beams 
3, 

At eaoh point i s 

properties irteeoity and paasan rasensity is a saeaanro 
3.5 s os N , x ^ through s >; s v 

phase gives a aauasare of the direca.ioa of the* energy iioaa 



Xat®»ity may bo , - x o directly.* for example fey 
awarding ass. imag* on film. Plmso is typies I ly aa> i/r^ 
asiag interference alta a !! referao.ee beam 55 Xn aontraet 
S the present method gives a nos~interf srostric aetaoa fox 
meaning paeae* 

insanity b« «a«r# two pax&lie3 planas &, B 

across the texe<$ti<m- of pxooa *t o» < &* 
10 field on the 8.14* rowob* ttvm t3x* indent xadiatioisu 

^ s x at im*o»ti©» <lefce*»ia»8 feaf providing « 

solution so the traa«|>«rfe~of~i»*usto»itY equation* 

IS (1) 

vb«r* X ia the intensity £» «fe» pJ«a«r tfea gradient 
operator in too plan* is denoted ?, , k U the nsssfoer 
of the radiation, ana 3£dz is the kte^itf derivative or 

froa &se dlifer«e of the measurements i» the planes & & 
B to in Figure 1, while the iotensity I i» given by the 
v a t the ^^y-wasnts. 

23 Xn order to obtain a solution to equation 1 oho function A 
is first defined ass 



30 



Thus patios { I : besoaesx 
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Making um of a ataatod idsatity ~ >V * W be 

written? 

S C4} V A *^~%/ 

where ¥ ; denot&o: tho two~dime.r.u5io:na:i - q aci&» sto* Ins 

toll win? symbolic solution* 

it th< vcuU^at Gptocitat V A i* *p&Xl*& to both sida* ®£ 
this station, it beoossoss* 

The defining watio^ (2) .*0* ttm fesetios A allow* (6) to 
v eoraswa iwt*>» 

ao 

Dividing lv*h sides by I then yields? 

s s \ » n bet s\ «\ ^ of 

(o:-., and * w \ v ^ of , .0 ^t,\«\^ * identify 



WO 03/034010 



<$hl® agnation h&n tbe following ss^mbolio solutions 
S (IS) # - -iV'j (?< *|/ 

Zu ordw to lapleoent a practical solution to oration 
CIO), toe following forsaula* ara reawireo. A suit«bly~ 
veil-bfthav«d fuaooion m&y bs writtec in tna forrs of 

10 1 s'ourl 



Tac femction f(k x ,k v ) call** fch» tras^forsw" of 

15 f(x,y)> 

20 

Hone,, the Foari** tr^sta oi " £<x,y) i • *»3 * *** 
m 

Four! tesataei f**,y> *u plitf .lbs 

; v F F, wfaaze F a«oot«s rouriar 

tr&ss format ion and F tlanotcss inwraa Fourier 
25 ss o 1 n S it cossi&s ss aps>:b 

^iC^yK 



J fc&« Lag 1 s 3ian S ; 
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>:-c;: : :h:ed ana 



(13) V; • f 'F ; ^- <F%P 



Here,' F arreted Fourier eranssf oraaation f - F'"' : ' dsnotes issT^rs^ 

Fooxier transformation,- (aa k T ) are th-a Fourier eaoaiablse 
conjugate to ftfcjr), 

x oan ro <s>iuatio« CIO) 1st th& 



(14) 



2 0 tkt intensity in graatar than a certain threshold ralue 
(eg, 0.1% or Oho raraimass aaloe) , 



>ivieioa by 3 0 s ^ * nv 0 of 

F our i a r ap aoa j 



^O i^U^i * ; y % x \<^ 

itasc-aio ;aaltiplioar.J.oo fesr aaro Cak-s: place at dala point. 

This assouata to ta ^ v w «f i 
integral operator ? x ^* . 



5 Is v itir^lY ssasu;! ha p asa : sbj^cl it 

is; aacasssary to Lacorporeta saaac physical aoaataats into 

the phmee &goxi&m in Kqnaaias (Hh 

relating to fche a^p^rl^a^tal aefcup ia asso to ovaartify the 

T*riabl«« ««» *** *®»* *v wmlting aaraatioa 




of Fa ; / 

tfk&xm-tk* infees^ity ferimt™ dJ(x,y)±m by 
saharao-vlaa .aaagas? X* ana It saparatoa by a distaxicfc 

8$, i aiadf j are the pixel rafeere ©» t&®. imp, and utslm 
tha feat that the Fourier aysaa ?tcp aiae is giver by 



s ,o - N a\ s v N - 

*gim® in addition to maa.axj.rioo the three lateneity 
25 Oatioas iv o - ^ aaoa* tha alxo- 1, Ax, 

eruanticativo phase i«ea«ur«aj«aat » All ot ::hosa aasaasaitiaa 
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cm fee readily determined? t.fee pixel cite a ass bo 
xieteredaxxsd directly for example from the CCD detector 
geometry (in the sass Of direct Imagine) * or by xxrietixxe; 
techniyaes: for calibrating ere t ->i.sv>.: r.- dictxxece scales? 
5 \U the a> a* e , x x n * :^ - ^ x^ n n 

• , . i ic xa lb xt x on of 
the illxxaixxatioxx car bo detect iced oitbec by 
xxaxooxxhrcmatixxg tec incident field or Ssv a^elyeing tbc 
sport rxd o.ue r ibutioo o£ the r&4iatio» mim 



hi s 5 &hs plMS-rstriOTSl a^>\x ^ >xho 

solution of equation (14) can tee represented by the 
flowchart sthmm in Figure 2* As nhoxen in Figure 2 tbe 

IS oxxaxbrbtati - xatlatioa xe xe 

- v d« from i e«*t; o£ £»fc«n*4»ty mmmxmim** ftj 
ever the t» spaced apart islsmejs A and B, .a meaearexsent 
of x I{x,3r) s - ex ed me parallel 

to aae it:x<:ux.xv hefcwc«a the places A and 8 la also obtained, 
Tbc ixxtec.aity m&a0m<m»n&* are perfom^a w« a defined 
array on each of tea tm p3la»«® & miH B aaai ta, rocpe tive 

,>>* - is aun so o the im «aatt& 
derivative.. This value Is walt,ipM.*& .fajr th® negative of 
tbe average x^xxre xxxadxer. The deta arc split intc two 

25 ee co xxx sate arc a fast Wmtxlm: transform le performed 
txc ^ v s ^ \ > * -c-'-'x v c ,X X 

Fourier dexxcxixx. A filter ic toon applied to the Pearler 
xloxxxain xcyaxeaeatatioxxc to correspond to tb.a i aversion of a 
d x i: f i xx x pe j: a to r s 
3 0 repreeexdaxtioa, /xxx ixreeree Focrier traasxforxs is; tbec 

c - u x on each of tbe :a and y eoaeomuxtc tc produce a 
spatial dcxKsin vsslua free, which tbe dif sciential operator 
has beeo remoeuab A division bp the central intensity 



I a iocl by ave b i 

o^r I *. A ixra I B is then — if ^b v 



It will bss apparent that in gw«l the ^vchod accu-dxuy 
to this xsw^xtioti caa $fcoc**4 from a»ar Stable 
reprcs&Rtatiw dat.«mls^fci^ of imfc^ssifcy dorivati^ or 
rate o£ cl»ag® of int<m&£ti&- <y*er * smrfaoo 
15 s h pro sat on dbrs&otio® us«2 fc&* 

iuvtvnsUs >wr ts^t sassa * < fcs X b» in 

various? »5s.&s*pXas these a&t& can bo bt \ s 

of »y® .a*A «*tOipa J«^l«««»fc«d. to yi»m pbasso of tba 

20 

(14) 
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if ~ 



st i u^^Ki 



*W^ri = F- , n < (it I ,t, > a)F^F , n,(t r .* r> o)F|k|| 



s:aeovsgr®& 

F 



is the intensity distribution ;:Tsr the plane 

<x s y> &r» QxttmiMm ac^Siaatea t s nles 

5 are fc&e Fourier variable conjugate to ix-y> 
%*2vfl iff th* *v*r*«» «v«u^r u4 ;:he 



XS I is the average mev*lmmt* ©* tfc® radiation 

a//d2 is tha «*t£»ftt« for the longitudinal 
intensity derivative., 

a i» «tigtf*^MLtM j^wra»«t«r used to 
stabilise che algorithm Khan noise ia present. 

20 

ha ^ >: ven abt;.-T~ f sr.he s:o!y?:.ic-a to the ;:o: ansport of int ena it; 
equation {1} a/: s; :r a perfect imaging systan. That: is., 
\o sys ess 

need to obtain the intensity data which is fed into the 
2 5 sign km cots N s s 1 N " v « lie 

rati? os res ad is re aiaging * * v a 
grant if isd ay a net of number a ; 



^bieh are t*nmd aberration coefficients, 

5 

If intensify cat-;; v^sr* t sker; on .sa isxparf cot 
wbosa in^as: fact ions ware cfauraet*ri»«d by a attain set of 
teoM aberration coefficients 4 4 ^ f! ,4,. .. ., it v&bOA be 

g tb ttte ± n 
10 (IS) could be replaced by modified filta.ro; vkiuh 
explicitly = 



15 Ibia w«Od allow tbe iw*x£#CZi;eem of th» imaging ; 
to be a^Ucifcly taken into account, leading to 
q\Kia-a:..itati-v-oly correct $&&s* retrieval &ein§r eberrs 
i n<; ; stams.. For the special case of a non-sfesc 
* , ,V^ot In a raaiatiiott wave fieM of nniform 
lm;vca-cv h wak much. lm than ^xadiam* 

the 

Ot t&0 



{5s,y.» ::::: tha aberrated iat cecity ; 



30 cflmraof arise tb® issp s system 
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if a filter is defines 

C20) y ) F^OFr ■ F 'tin^ Wt <n v) ■■■ i } 

10 v «£» \tM « » vU\ Oi to Ol v of 

intssnssity. £« ia.t*a»it^ . 1*- & mea&ssx&fele soasfcaafc for 
ux;i£o** i»fc*»#it3> so that <20) is* the «ane ge»eml fo» ass 
C 1 S } , Coas^guantXy $b» «ps<:£aX dasft «£• ab«rXA\ 
de&ln with fey ohmmim filter i» th» general a-shM 
,wa ; :bed afeow, As j; anS' y e«po»t filters n and: 
are given by 

2D Figure 3 schematically ssaoas an arrangement for 

quantitative phas© amplitude ni cross copy. & sanpie is 

of © N , U?hfc Kdbler 

illaxaiaation is s . cceeaoaly found on optical microsoopas ♦ 
Poo light is trarooodatea Chraugn an object 1€ asd 

2S ocl looted by a microeeopo imaging system 17 and. relayed to 
a ) camera 1 r < i ;;:> h o> I eg a 

planar inagiag surface < Phreo images? are aolXeeteds an 

a 5 s a? oayv t t>t sad twe slightly cut of Soaus ioagea I'., 
and 1... Th® defoeus is obtained by suitable maans sued as a 



drives sys-.':ii!: is to ssiyust the microscope focus knob. Phe 
do goes s introduced is usually quit™ snail so Chat 
degradation in spatial resolution is minimised, although 
the optical amount of defocns to u«se is determined by 
\ X properties end imaging - - y ass 

oom. * - o 



vfnea taking the images the canonical apsrtora of toe 
condenoor is ehossn to bs leas than the nsmsrioal aperture 
oi tboa 
- *M * tap >dafcio» will ©ecuxy although the pr-eciee 
amonat by wMc& t&e condenser and o&^ctive numerical. 
apos:tx;ros should differ involves a tradeoff bvtwen xaags 
fidelity and spatial resolution* w£t& t&e optissaX 



soxsrasxx- • as* ;aaex -ate coll«cfc«4 $M*9»» 1* and Id are 

s to ^ro&uca a v n of 

- ^ t x s " N ^ x xxx 
\as x: xa.->ry data of collected image 1 ;> the method 
axv tn «u 

xntsxarxalom about tha magnitude of tim phase shift in the 
image plane . 



There say be seses ia *hi<S& it is desirable to talc a mono 
than two ixsages in order to obtain a better estimscs of 
the intsasitp dorirstivs dl/ds , A function can then be 
fitted t : this d-xte dsom vfxich r !::; -an ha coapat and 
used in the phss Is nrsdaatios method in plane of the 
simp e 



~ m ~ 

it is also paaxaibla to aparata tMs system in a reflection 
g wastry to obtain surface topography. tlxa praacxplo of 
ommtlm ±m th* *«»*, hvm*r»r optica hava to bo 

folded back on shaaaax I voa to f&» a rafiactioa gaaaaotry - 
S >i h* s s 



tioxn® It caja. alao bo daai.aabla 1 
filtas; too light to a particular waaaarf- .- a- > ; . although this; 
is? not aecwary for tihe etescrifcsd imaging proaass a.s it 
10 axxrka w&uaz? wall with tf&p* light. 

Jha impl«<&ntatipn i* mhmm. im figure .Mi olyopxa; bx~60 
.ax \*i oxarascopa 20 mm equips - x 

^rf a rfoal ab$*ctlvm- mM ^ i»i«rsd con&anaw to 
15 ox v x s xohi-r s o— \,,xotx, X» order to ha able, feo 

ixoBxparo oho casual tss with asalatixaa imaging :aouaa ttaaaxafti 
DIC optaca axxd a. aat ad aouur-ai dp ooaaaatad gylaxxtpo 

O^O Ot x v s , . KV>po 

; - o * i(<fcxx o£ tlua »aav N i vs v a 
10 udxxy ixutx paa o so s «val and 28cttar*3ci mc for tha 

paxgooaxus at qualitative cKMpar£«a&, A 12-bit aciaatifio 
po-xcxo P <>-o^trics SenSys CCJD- mmm 21 aaaxipxusa. with a 

\ v < <Mr-1100 CCD chip »»s added to the 

ChPsU <aldca post oxx tha odoroaoopa to auapiaa digital 
3 5 s x v U5X§ 1*5 , 

< o thi o od a 

invention raguxirea the acquisition of defocxasaa Ixaagaaa A 
stopper aotar daive aystaaa 21 was attaahea to tha fosas 
30 knot- of the microacopa - laxa stopper sotor t;> ^ s .a 
x.n tx > . a o xx s 

alao asad to control tho CCP camera 2.1, enabling fall 
automation of tha acquisition of through- focus isuaga 
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hiss & - - as 

gtvaxa * v r<s s ^ s o? v&ss 

CCD isaagess, Ztem®&x ana&XIfeg full aoto^afaloo of fcko ima^a 



> \s OOv ^ ^ " v ^ ^ X 

«r»t«» ^OO to tA^ "ho " iS 



r«t of t\ , v\ 



Potaatodoo >ik of >ab:jac:toooa rm ; ^,,,;, f and p, s ; sc;i , fi ,- t:,ho radios; 
of < s ap »rt«UNi 



, ;r; . ;vx! .. ^ ^=5:1 lags sad &&mim»l<m* ©» tlws miorosoopo* } 

tetawn-o radial lateral «pi»e£«jL Ziwq&xem* p, aad 
Loxs.gJ xiudxna : ; : • 

25 f ^ ^ N ^rkVnt ou the pdxo s at w.i uuid position 
Aon i& t o m $® v 

sVt» o o tho march, of tao radiation to ,bo u»*d. 

3 0 the tcra . v oy oral os ^ 
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Figure 5 is a flow chart geaaraXiy lllustrv;<sv; ma *r 
<5 ersis-sd by xtm&xxs o£ &te® «tbm' «®4At:iov m*r*iy shwdag 
10 ^ \ ot; tbo various eos- 

xore&tioa may readl 
wdfchin this art,- it is to be u&d<&tf£oQd 'fcli&b this invention. 
IS is- mat limited to p«artsi«saX*r ®3^o«Si?»3&t deaoribaa toy 
wsi.v of ea:as\pl« lierei nabovss 
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CI S 

1, A method of gaaxxraltatiae dnaanrnlrxat ina of; a phase 

of a radiation raefield iaelndiag £km stops oft 
5 (a) predxaaiag a xe wjhwo of tlxe 

rata of orange of intensity of said radiation xaaaa field 
trms a selected sx*rfaca o\ po-ersPiy aoro-s 

mm £t*l&> 

ih) producing a repr<^«»t*fcl*a sasasure of 
10 iat«««it? of radiatioa mm field ovar said selected 

(e> transferring said asasure of rate of change 
a }»*ifcy to Pto&ug® a first integral orar - = 
representation ana appiyiag to raid first integral 

jraa^re««a.t»ti«& a firafc flltae* corresponeiiag to 
too inhere ion of a first differential operator refloated 
in. «iM measure of rata of c&a»g» of int « < 

a t x - rkx 

a» issysrss o a *i 
20 trastefora to aaM first modified integral atom 
x opr & senta t ion to produce aa xxatra&&f ors&ed - 
ao > a 

os: - surface to 

representation,? 
2S <£> transforming tb» corrected * - 

- produce a second Integra raasforx 

traasfora representation a seoead filter corresponding to 
the iavoxsioa of a s«ooad differential operator reflected 

30 a the coixec outran or x op; santanU o px hace a 
saeond modified integral transform representation 

ig) appiyiag an inverse of raid second integral 
transform to raid recast notified integral traasfora 
representee:..;, or eo 0 a ae&sxnxe of pixase of said 

35 radiation ware field across said selected elans; and 

Clx! therein at leasst one of the first or second 
differential operator has a torn based on an optical 



2<! 



i- a vt f the rats of change of :l ;:-asity 
of the radiation wavafiald over t:oo aoloctod orvrfaao 
t has ■ ;aof Lo d 

a» t&&th.cd ot olaisa 1 wherein both fc<te iirat aa.d 

ec ad saaaaatial operators hav« a baa? 



10 3 S feo method of a ^arelsx tf 

a ^ >rm «*v jwo&ucsk* using a Poarior 

transform* 

4* *h* ja«sha<3 of clais* 2 vthmr^lxn thm &it :!aarantiaJ 

operators h«ra thm foas 

7>+<ar 
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and wisarala. o is radial lateral spatial r<a\aar,ry, th.» f\ 
longitudinal, spatial frwioaacy and & is too dafoaaa 
, \ p an - Cias < 03 act 
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aperture of toe condenser and the ^e attd , 

v s "* \ x tod b> k o , s \ 

5 A , s, dots 

of the pieose of a radiation -aave! lead tacludiag os; 
perform the method eteps ae cording to claim 1. 



f > da . • • so 

10 obi feet i^l«dinff( 

a diatioa mwfleld 

object? 

«n imaging system- tso £©©t*« radlod n £ on\ he 
s s ? smrfaa* exxxmim .across the 
x Id pKopagatkg from t&« cibgecfci 




procoaaiug jsmm tos 

CD produce a represeutatir-a »3&sur8 cf 

20 let os J 5 I a s % N 

v la the &i3r®efci©& of \ s ^ \ 

OT5.r a s-::ioc ;: ad surface eutendiag across a too cove firs Id 
from rsapressaatatirs oeaaures of radiate. oo intensity over 
x 5 ^ > ssirsa t\ an* 

25 &o»f 

{ii} transform said measure of rate of chauge 
of intensity to produce a first .integral trarreform 
r apr ores sa t i c c ? 

{iil> apply Co raid first integral traaefom 
30 representation a first ill tar eorrorpoudiag to the 

iaaoarsioa of a fleet dff forasPclol operator reflected la 
said reassure of rate of charge of iascasihy to produce a 
firat modified integral traussforo representation/ 

<iu> apply an iocersse of said first integral 
35 craoricro to sail first modified aerobics! transform 

representation co profuse sua ontraassf ormac representation; 

(v) apply a correction .based oa said aeasars 



IS 



of iateaeitp over said selected to ssaid 

to 



(vi£) apply to said second iategral terracier^ 
.tipn a second filter correspond! ag to the 
®* » mcomH ti^f«mti*i operator reflected in 
the corrected usitransfomed r^^osr icioa to produce a 
10 secord R«xHf.ied inwgx&l oraasforxs ropreaeacat ion? and 

(Trill) apply an 1 averse of said second integral 
transform fee said second awkii-fiad integral sr eastern 
? c„ioa to pxo&ixa* & measure p&as* of odd 

s:a<Uatioxx a\ ; va field across Said selected plane; an J 

(5.x) vharein at least erne of the first or 
second dif ferantiaX operators tax; a fern based , - tire 
imaging »yst®m to focus tha r«a**U©» from the object to 
x N N see . 



r. ur 



wo mmm 
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a.:ad Khoroln p is radial lateral spatial f regency, the ii 
loatfituAiua sp<"Ul and sC i« tae d«foc«« 

distance in nha plane of the obiecfc, and 



w&ssre NA^ !<<mftr and dA a;; , ;: „ ;Vfl s re respectively ths maarical 

^nro of tii^ condenser and ths objective,, and * is she 
attatlmai sp&timl fr»qu«aey aee^pto 

10 

the, ip ituB of . , 
and second differential «^**fco#»- ia« f&» abero foa» 
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